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Protection Against Borrelia burgdorferi Infection In MI« Imnmnlxed 
with Peptide from the Decorln-blnding Adhesin ^fP^...^^ ^..^ 

Bioto^ TS«Ai.MUnlSty. Albert B. Alkek ^Uule ^ 

Tedinology. 2121 W. Holoombe Blvd., Suite 603. H<>«*«^T 71™ialn£ the 

Boadiaburgdocferi adhesioo to bort thsue b . ^ ^ j^^^^^^^*!^^ 
of the initUI bicterUI challenge in the dennfa and f^J" 
of Lyme d«a«- Borreli. «lheren« to the proteoglyam <»?*=J™_^ 
of the MSCRAMM family, deoorin binding proteins A and B (^^pA «d DbpB 
respectively) may be a critical rtep during the ^^"^ F'^^^^^'^^ 
VhpK have been tuocessful in providing protection ^^^^^^'^T^^ 

rtraihs of B. burgdorferi- We previously demonstrated tHat DbpA eontaUied 
3 criUcai lyrine residues that were criUcal (or deoorin binding- *J 
demonstrated that DbpA-pepUdes containing the« ^^^}^^ I^^^tf^^t 
with decorin binding whereas peptides with chemicaUy "-^l^fi!^. I^*^"" " ^J^^ 
.panning other repons of DbpA did not have affect deconn binding. Four different 
DhpA-peptides Zz tested for their abiUty to confer protection in a «»^«^?f ^ 
of Lyme disease. Th«e daU suggest that vaccination using P^^*^^""!^^ 
critical binding domains of DbpA for deoorin can confer a <^^^y^^ ^2!^^ 
tiviy response to DbpA and reduce the number of recoverable Borrclia 
and jointTof infected mice. F\irthennore. arthritis incidence and the mean arthntis 
score was reduced in mice treated with DbpA-peptides. 
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Effects of Mouse Malaria cDNA Library Ttanflfcctioa on the Antigen 
Presenting Cell Function ,^ „ i.* _■ 

iMJ^jn ^'M. Nakazawa. 'M. Ywhipan. 'J, WftMm^. ^S^S^^. jM^Mmaai- 
»DcpartnieDt of Immunology and Parasitology. Yokohama Gty Univmity SAooI " 
of Medicine, Yokohama, Japan. 'Department of P^^^J^JFt ^Pf^*^ 
Virology, Institute of Medical Sdence. University of Tokyo, Tokyo, J*t«° 
ExTM^ion Ubraxy imrr^miwtion is one of the DNA vaconatioa methods and the 


Uori, ^>vu;vO^'^ -^A-J' - l-f^ 

tect mice from lethal chalknge of malaria parasites. There arc two cxplanat.oas 
for this result; partial exp^t^ion of the Ubrary did not induce protective immunity 
and/or the expression of various parasite antigens, immunogenic, °«"^^^f^' '^r^' 
munosuppressive, might modify host antigen presenting ceU funct.oo b^^^^Pf^ 
with each other. If the latter is true, protective or suppressive plasmid(s) can be 
isolated by functional assay of antigen presenting cells. To test this idea, we di- 
vided the Ubrary into sublibrarics and examined the antigen presentmg abihty of 
subUbrary-transfected splenic adherent cells. We found that some of 
transfected cells showed higher antigen presenting abiUty and ^^hers "A^^.^^, 
abiUty than mock-transfected cells did. The results suggest that the transfection of 
the plasmids encoding malaria parasite antigens can modify host antigen presenting 
cell function. 
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STRAIN-SPECIFIC DIFFERENCE IN PNEUMOCOCCAL 
POLVSACCHARIDE-SPECIFIC ANTIBODY-SECRETING CELL 
FREQUENCY CORRELATES WITH ANTBODY TITER. 
TL McCool ' J.R. Schreiber and ' N.S. Greenspa n. Institute of PatholoQ" and 
Department of re<liairics, Case Western k«;er^■e University and Rainbow 
Babies/Children's Hosp, Cleveland.OH 4410G ' (shared senior authorship) 

Bacterial polysaccharides (PS) typically behave as weak, T-independent tmmuno- 
gens in d.ildren and the elderly. While conjugation of PS to a carrier protein can en- 
hance Uk PS-specific anti' odv (Ab) respond-, maltivak-nt pncuniococca. I 5 (1 nl b) 
linked ID id.:nilca) carrier pvoi^ns (CH.^tlv; : a non-toxic tnuLar.t of d.pht-.oa 
toxin) cj^hibit significant serotype-^pecific variation in th.: PaPS-spccific 'm^^^'O" 
gcnicity in hunians. We have reported that dltfercm PnPS conjugated to CRM,, r 
also vary in PS-specific immunogenicity in mice. Serotype Cti and 19F TS conju- 
gated lo CR^^„7 »^re capable of eliciting strong PnPS-and CRM„t -specific Ab 
responses. In contrast, immunization of CDA/J mice with PnPS, 23F. conjugiited 
to CRMi.T (23F- CRMuT ) resulted in lo-' to undetectable levels of I)" ^S- spec. fie 
Ab despite levels of CRM„t -specific Ab comparable to those elicited W 6B_and 
l9F-CIWi,7 ■ All three conjugates also eUcited comparable CRM,gT "'P^'^^ ^ « " 
proliferative responses. We now report that BALB/c and (DALB/c x CBA/J)Fi 
mice produce significantly higher tilers of 23F.specific antibodiei after immumta- 
tion wit1i 23F. CRMi.T than do CBA/J mice. There were significantly fe*-er 23F- 
specific antibody-secreting cells in CBA/J mice ^ compared to BALB/c or F, m.ce 
■(i»< 001). The dectea^-d aUtiiy of CBA/J mice to respond lo 23F PnPS may b« due 
to a genelicaJly-infiuenced decrease in the frequency of 23F.specific B cell precursors 
. i5 co.npAa-.! lo BALB/c and (BALB/c x CBA/J )Ki mice. 
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Humnn dendritic celU discriminate between viable and killed TcxopUumc 
gondii tnchyioltea: ImpIicatioM In the generation of celUmediated 
Itnzminlty against the parasite. , . . ^ .. 

'C^. Subauste and *M. Wessendarp . » University of Cmannati CoUcge of 
Medicine, Cincinnati, OH 

We studied how the intcracUon between human dendritic cc Is (DC) and Toxc- 
piasma gondii influences the generation of cell-mediated Immunity against the par- 
asHe. We demonstrate that viable but not killed tachyioiles of T, gondii altered 
the pbenotype of immature DC DC Infected with viable parasttes upregulated ex- 
pression of CD40, CD80, CD83. CD86 and HLA-DR and downrcgulated expression 
of CD115. These changes are indicative of DC ^*^*^f'.^^^"'=*^^»?^,,^ ^''^^^ 
DC maturation was not mediated by lUl ^ or TNF^ Viable and hlled tachy- 
soHes had cootrasUng effecU on cytokine production. DC infected with liable T 
gondii rather than DC that phagocytosed kiUed parasites mduced "^et'on of high 
amount* of by T cells from T. jamfii-seronegative donors. This IFN-7 le- 

cretion was dependent in part on IL-12 production, l^-l^-independent IFN-nr pr(v 
duction was ^ated by CD4O-CD40 ligand and CD80/CD8e-CD28 infractions^ 
Taken together, T. ,*nrfii-induced DC maturation regulate T cell Production of 
IFN-7 through release of bioactive IH2 and through modulation of CD40 and 
CD80/CD86 signaling. 
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ENHANCEMENT OF HEPATITIS C VIRUS COR£ 
ANTIGEN-SEPCIFIC TPVE 1 T HELPER CELL RESPONSE BY 
RTOAVIRIN CORRELATES WITH THE INCREASED LEVEL OF 

^^^ang , S-HFang . I^H Hwang , D-S ChenfSPON: J.T. Kung) . National 
Taiwan University, TUpei, Taiwan, RepubUc of China. . , » 

Combinatioo IFNhi and ribavirin therapy of hepatitis C virus mfected patients 
ha5 b-n reported to improve the response rate to 50%. To furthei study the role 

tion *e found that the mice inwnunlzeO »^-iiii oiL^^iiifiil^ ^''^f/TlJ^^^'^ ""'"'^ 
and '0.5 mg ribavirin every day showed higher le^el ofW-specific lgG2a as com- 
pared ^-ith those mice immunized with cois:^mti«« only. In addition, -e/ound Oia^ 
in vitjv recalled core antigen increased the leveU of the T helper type 1 cyWkmes 
TrJ^uced by spleen cells. L addition, the ^Popolys^^^J^^SysUn^^^ 
Ueal cells produced higher level of IL-12 in ribavirm-treated mice. The Per«'^i*6^ 
of CD3+ cells increased significantly both in spleen cells and pentoneal celb. Both 
the percentage and acUvity of natural killer celb were enhanced dramatically. The 
«rJ^c cytotoxic T cell activity also increased significantly. Thus, nbavinn 
may ri^cantly promote the T helper type I immune r«ponse m rnvo, further- 
^refX^ect of ribavirin on IL-12 level produced by LPS-stimulated peritoneal 
cells may contribute to the Thl enhancing effect. 
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A DNA CONSTRUCT ENCODING HSV-l GLYCOPROTE^ 
DFCREASES VIRAL REPLICATION IN THE CNS OF MICE. 
Pt D. FV>. S^hSi. ^HC. Chiou . and'N.J-Bigley . ' Wright State University. 
Dayton. OH and ^he Immune Response Corporation. Carlsbad, CA. 

This study explores the antiviral efTccts of a Df^A vaccine against liS% -I S^h^op^,^ 
te n D (goV The nuclcase-insensitivc>nstruct KgD-ASOR) consists of an HS\ - I 
gD encoding plasmid coupled to asiotorosom.coid (ASOR). whxh ^-'g«Jf '^^i^;''^ 
bearing ASOR receptors. In BALB/c mice, the construct ^'^^'^'^^^^J^XJoZ 
toxic T cell response against HSV-l. while in C3tU.ice .t triggers a CDS cy wios.c 
T cd! resf^nJ a.ain.t HSV.l. Since a CDr T cell response is cr.ucal in conUol- 
Lg re^'Un. Hs'm inf..tions in humans, the r.-spo.sc ^'^^^^^^ "^D IsO^ 
rrcater clinical relevance. Mice were immunized with two 10 /ig doses of gD- AbOK 
L«ed «N^n days apart. Fuurt*^.'n days afier the second immunization ni.je were 
nf«ted by the corneal route with 10- pfu HSV-l, strain 17syn+^ Acute rephcat.on 
l"netics a^d flow cytometry were carried out on days 2. 4. C. and 10 p«t mfect.o,. 
By day 6. there was a lOO-fotd decrease in viral tilers in the ^"f f "f - 
from immuniw^d BALB/c mice compared to sham -immunized .n^c^ ^ " , 1? 
in the trigeminal ganglia fron> immunized C3H n.ice were 6-fold lo*e than sham, 
^muniz^ mice. A decrease in the magnitude of viral -P''""- 2^;;;; 
ganglia from immunized mice suggests that our construct l.nnu the 
latent HSV-l infection. (Supported by ^^^nt # U103 DE12o2^^^^^^ Immune 
Response Corporation, and Wright State University BMS PhD Trograai) 
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Low dose and gene gun immunization with a hepatitis 
C virus nonstructural (NS) 3 DNA-based vaccine 
containing NS4A inhibit NSSMA-expressing tumors 
in vivo 

L Frelin\ M Alheim\ A Chen\ J Soderholm\ B RozelP, C Barnfield\ P Liljestrom'^'^ and M Sallberg' 

^Division of Clinical Virology, F 68, Karolinska Institutet at Huddinge University Hospital, Stockholm, Szueden; ^Division of Pathology 
and Clinical Research Centre, Karolinska Institutet at Huddinge University Hospital, Stockholm, Sweden; ^Swedish Institute for 
Infectious Disease Control, Stockholm, Sweden; and "^Microbiology and Tumourbiology Centre, Karolinska Institutet, Stockholm, Sweden 


The hepatitis C virus (NOV) protease and helicase encom- 
passes the nonstructural (NS) 3 protein and the cofactor 
NS4A, which targets the NS3/4A-complex to intracellular 
membranes. We here evaluate the importance of NS4A in 
NS3-based genetic immunogens. A full-length genotype 1 
NS3/4A gene was cloned into' a eucaryotic expression vector 
in the form of NS3/4A and NS3 alone. Transient transfections 
revealed that the inclusion ofNS4A increased the expression 
levels of NS3. Subsequently, immunization with the NS3/4A 
gene primed 10- to 100~fold higher levels of NS3-specific 
antibodies as compared to immunization with the NS3 gene. 
Humoral responses primed by the NS3/4A gene had a higher 
lgG2a/lgG1 ratio (>20) as compared to the NS3 gene (3.0), 
suggesting a T helper 1 -skewed response. Low dose i,m. 


(10 pg) immunization with the NS3/4A gene inhibited the 
growth of NS3/4A-expressing tumor cells in vivo, whereas 
the NS3 gene alone or NS3 protein did not. We then 
evaluated the efficiency of the NS3/4A gene administered by 
the gene gun, at the same doses used for humans, in priming 
cytotoxic T lymphocyte (CTL) responses. Three to four 4 pg 
doses of the NS3/4A gene primed CTL at a precursor 
frequency of 2-4%, which inhibited the growth of NS3/4A- 
expressing tumor cells in vivo. Thus, NS4A enhances the 
expression levels and immunogenicity of NS3, and an NS3/ 
4A gene delivered transdermally could be a therapeutic 
vaccine candidate. 

Gene Therapy (2003) 10, 686-699. doi:10.1038/sj.gt.3301933 
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Introduction 

Most patients infected with the hepatitis C virus (HCV) 
develop chronic infections. Although the mechanism 
responsible for viral persistence is still largely unknown, 
the high variability of HCV is widely beUeved to play an 
important role.^ The genetic heterogeneity of HCV is a 
result of the high viral replication rate of 10"^ -10^^ viral 
particles daily^ together with spontaneous nucleotide 
substitutions of 10~^-10~~^ substitutions per nucleotide 
per year.^'"^ Thus, the viral variability severely compli- 
cates vaccine development. 

Vigorous and multispecific CD4-mediated responses 
directed against structural and nonstructural (NS) HCV 
antigens are present in the acutie phase of HCV infection 
of patients who resolve the infection.-"^"^ In contrast, these 
responses are significantly weaker, or even absent, 
among patients with acute HCV infection who progress 
to chronicity.^"'' These data suggest that the intensity of 
the T-cell reactivity at the early stages of infection may be 
critical to limit the spread of the virus within the infected 
host, and to keep viral replication under control. 

Correspondence: Or A4 Snllberg, Division of Clinicni Virology, F 68, 
Huddinge University IHospital, 5-141 86 StockJwlm, Sweden 
Received 18 May 2002; accepted 19 September 2002 


Vaccine development should, based on the above, aim 
at inducing T cells directed to genetically stable regions 
of the viral genome. It has been shown that DNA 
immunizations can induce both specific antibodies and 
cell-mediated responses against the structural and 
nonstructural HCV proteins in mice.**"^® One attractive 
region for vaccine development is the NS3 protein. 
However, when compared to responses to other, more 
genetically unstable, regions of the genome, the NS3- 
specific responses do not seem to be easily primed. In 
most studies poor humoral responses have been 
reported .'''''^''^'*' In addition, only a few studies have 
suggested the priming of potent cell-mediated re- 
sponses.'"*''^"^ We recently noted that when using a genetic 
immunogen containing the complete NS3/4A protease, 
the humoral responses were surprisingly strong.^ The 
reason for this was not clear, although different reports 
suggest that the presence of the cofactor NS4A increases 
the intracellular stability of NSS.'-'-^" This may be 
explained by the fact that the amino terminal domain 
of NS4A targets the NS3/4A complex to intracellular 
membranes.^" In fact, both the protease and helicase 
activities of HCV NS3 require the presence of NS4A.^''~^'* 
We have now found evidence that NS4A is of vital 
importance also for the immunogenicity of HCV NS3 
when used as a genetic immunogen. 
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Results 

Characterization of NS3 and NS3/4A expression 
constructs 

The expression constructs NS3-pVAXl and NS3/4A- 
pVAXl were analyzed by polymerase chain reaction 
(PGR) to verify the size of the amplicons. All vectors 
were sequenced to ensure the integrity of the gene. The 
expression of NS3, NS3/4A and mNS3/4A by the 
plasmid was analyzed by an in vitro transcription and 
translation assay. The assay showed that the proteins 
could be correctly translated from the plasmids (Figure 
1). We have observed previously that two bands become 
visible after in vitro translation of the NS3/4A plas- 
j^^^j 15,25 jj^jg suggests that the cleavage between NS3 
and NS4A mediated by the NS3 protease may not be 
complete in the in vitro translation assay. By introducing 
a targeted mutation that replaces the PI' serine with a 
proline at the NS3/4A proteolytic site,^'^'-^^ only the band 
representing the expected NS3/4A fusion protein be- 
came visible (Figure 1). Collectively, the NS3 and NS3/ 
4 A plasmids express the full-length genes and the 
protease activity of NS3 is intact. 

The expression levels obtained with the NS3, NS3/4A 
and mNS3/4A genes were compared using a Semliki 
forest virus (SFV) vector based expression system. 
Nonproductive infection of BHK cells with SFV vectors 
expressing the three genes revealed that the NS3/4A 
gene with an intact proteolytic site gave the highest 
expression of NS3 (Figure 2). Thus, the inclusion of 
NS4A improves the expression of NS3. The reason for 
this effect needs to be determined. Also, staining of rSFV- 
NS3- and rNS3/4A-infected BHK cells revealed a slightly 
different intracellular distribution of NS3 (Figure 2). The 
NS3 protein expressed by infection with rSFV-NS3 
displayed a more diffuse staining pattern as compared 
to rSFV-NS3/4A at 24 h postinfection, possibly indicat- 
ing the membrane targeting conferred by NS4A. This 
needs to be further explored. 

Comparison of humoral responses following DNA 
immunization with NS3 and NS3/4A 
To test the immunogenicity of different NS3 genes, 
groups of BALB/c (H-2^) mice were immunized with 



Figure 1 Amlysis of the translation products from the plasmids NS3- 
pVAXl, N 33/4 A-pVAXl, and mNS3l4A-pVAXl by in vitro translation in 
the presence of "^^'S-mcthionine and SDS-PAGE electrophoresis, ijine I, 
moleculqr weight marker (CFA 756; Amershnm Pharmacia Biotech); lane 
2, 61 kDa kit control; lane 3, negative control; lane 4, NS3-pVAX'l; lane 5, 
NS3l4A-pVAXl; and lane 6, mNS3l4A-pVAXJ. 


recombinant (r) NS3, and the NS3, NS3/4A and mNS3/ 
4 A genes. The mice were boosted every fourth week. 
BALB/c mice were used since they have been shown to 
be good responders to NS3 but low/nonresponders to 
NS4A of genotype l.'-^'2«'2y ^Y\y differences in the 

immune response cannot be attributed to the addition of 
new Cb4+ T helper (Th) epitopes. 

To compare directly the immunogenicity of NS3 and 
NS3/4A genes, two groups of five H-2'' mice each were 
immunized with 100 ^ig NS3-pVAX1 or NS3/4A-pVAXl. 
The mice immunized with NS3/4A-pVAXl had a more 
rapid antibody response, suggesting that the NS3/4A 
plasmid had a higher intrinsic immunogenicity (Figure 
3). Even after four immunizations the mice immunized 
with NS3/4A had higher antibody levels (Figure 3). In 
order to further confirm this observation and to explain 
the importance of NS4A, larger groups of mice were 
immunized with NS3-pVAXl only expressing NS3, NS3/ 
4A-pVAXl expressing both NS3 and NS4A, and the 
mutant NS3/4A plasmid only expressing the NS3/4A 
fusion protein. The differences in immunogenicity 
between NS3-pVAXl and NS3/4A-pVAXl plasmids 
were perfectly reiterated (Figure 3). The NS3/4A gene 
was more immunogenic than the NS3 gene alone with 
respect to mean antibody levels and the frequency of 
responding mice (Figure 3). Interestingly, in the early 
immune response; that is at 2 and 4 weeks, the NS3/4A- 
pVAXl plasmid was also more immunogenic than the 
mNS3/4A-pVAXl plasmid (Figure 3). Thus, to utilize 
fully the benefit of NS4A in the plasmid, a functional 
proteolytic site between NS3 and NS4A seems to be of 
importance. This is fully consistent with the previously 
noted effect of NS4A on the expression levels of NS3. 

To test the possibility as to whether a new Th epitope, 
generated at the junction of the NS3 and NS4A proteins, 
was responsible for the increased immunogenicity seen 
with the NS3/4A gene, T cell proliferation assays were 
performed. BALB/c mice were immunized with rNS3 or 
NS3/4A-pVAXI and 9 days later the spleen cell recall 
cultures set in in vivo primed cells were recalled for 5 
days with rNS3 and a 20 amino acid (aa) peptide 
spanning the NS3/4A junction. As shown in Figure 3, 
both rNS3 and NS3/4A-pVAXl primed T cells were 
recalled in vitro by rNS3. Neither rNS3 or NS3/4A- 
pVAXl primed T cells could be recalled by the NS3/4A 
junctional peptide. The same results were reiterated in 
C57BL/6 (H-2'') mice (data not shown). Thus, no new T 
helper cell site had been generated by the NS3/4A fusion 
protein. 

Comparison of T helper (Th) cell responses following 
DNA immunization with NS3 and NS3/4A 
To compare the proliferative Th cell responses between 
NS3 and NS3/4A, groups of mice were immunized with 
100 |.ig of plasmid, and 13 days later spleen cells were 
harvested and in vitro recall assays were set using rNS3. 
The level of NS3-specific Th cell priming was more 
efficient in the NS3/4A-immunized mice as compared to 
the NS3-immunized mice (Figure 4). Both the level of T- 
cell proliferation was higher and the amount of rNS3 
required in vitro was lower . to recall a detectable 
response. 

The Th-cell phenotype primed by NS3/4A immuniza- 
tion has been described in detail previously.'^ To 
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rSFV-NS3 


NS3« 



b rSFV-mNS3NS4a C iSFV-NS3NS4a 
^1 ^^^S. ^f^^i '"^w 




10' Ihr 3hr 5hr Chase 
d rSFV-NS3 (24 hours) 


10' Ihi- 3hr 5hr 10' Ihr 3hr 5hr Chase 
e rSFV-NS3/4A (24 hours) 



Figure 2 Analysis of NS3 expressed by rSFV-NS3 (a), mNS3l4n (b), or NS3f4a (c) infected BHK-21 cells. After labelling with P^'Sl methionine, cells were 
'chased' with cold methionine for the indicated times. The resulting cell lysatcs were analyzed by immunoprecipitation and 10% SDS-PAGE. NS3 
expression was further demonstrated in rSFV-NS3 (d) and rSFV-NS3l4A (e) infected BHK calls, by innnuno fluorescent staining, using an NS3-specific 
monoclonal antibody. Cells stained 24 h after infection suggest a greater dispersion of the NS3 protein in rSFV-NS3 infected cells (e). 
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Figure 3 Antibody responses primed by immunizations with 100 ^ig NS3- 
pVAXl or NS3l4A-pVAXl in groups of five H-2'' mice (a). Arrows 
indicate time point of immuiiization. All mice were prctrcated .with 
cardiotoxin. Values are given as mean end-point antibody ±s.d. Also 
shown are a comparison of the humoral responses primed by WO pg NS3- 
pVAXl, NS3l4A-pVAXl, or mNS3/4A-pVAXl in groups of 10-20 H-l' 
mice. Mice were primed and boosted at week 0 and 4. Values are given as 
mean end-point antibody litre ±s.d. A solid line indicates a significant 
difference of P <0.01, a broken line a difference of P <0.05, and a dotted 
line no significant difference (Mann-Whitney U-test). 


compare directly the T helper 1 (Thl) and Th2 skewing of 
the T-cell response primed by NS3 and NS3/4A 
immunization, the levels of NS3-specific IgGl (Th2) 
and IgG2a (Thl) antibodies were analyzed (Figure 4). In 


and H-Z*^ mice immunized with rNS3 in PBS or 
adjuvant, IgGl was the dominant subclass. The IgG2a/ 
IgGl ratio in mice immunized with rNS3 was always <1 
regardless of the murine haplotype,^** which signals a 
Th2-dominated response. -*'^' hi contrast, immunized NS3- 
pVAXl or NS3/4A-pVAXl mice had Thl-skewed Th-cell 
responses evidenced by IgGl/lgG2a ratios of >1. 
However, the subclass ratio in NS3-pVAXl -immunized 
mice suggested a mixed Thl/Th2 response (Figure 4). In 
contrast, none of the NS3/4A-pVAXl -immunized mice 
had IgGl, indicating a profoundly Thl-skewed response. 
Thus, the priming of Th- ceils is also influenced by the 
presence of NS4A (Figure 4). 

In vivo protection against growth of NS2/4A' 
expressing tumor cells 

An efficient way to determine in vivo functional immune 
responses is the determination of inhibition of tumor 
growth in vivo in BALB/c mice using SP2/0 myeloma 
cells expressing the desired viral antigen.'" The inhibi- 
tion of tumor growth following DNA immunization was 
shown to be fully dependent on an efficient priming of 
specific CTLs.'" One could argue that CTL responses to 
viruses differ as compared to the responses to tumor 
cells. However, this model does offer some advantages as 
compared to, for example, recombinant vaccinia viruses, 
since no irrelevant viral proteins (ie vector-derived) are 
produced by the cell. Thus, this should therefore be an 
adequate model to study in vivo functional immune 
responses to NS3/4A. An SP2/0 cell line stably expres- 
sing NS3/4A was therefore made. The in vivo growth 
kinetics of the NS3/4A-expressing cell line was fully 
comparable to the parental cell line (data not shown). 
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Figure 4 T-ce// responses to NS3 in spleens from immunized H-T' mice. 
Groups of five mice were immunized with 100 fig NS3-pVAXl or NS3/4A' 
pVAXl. All mice were pretreated with cnrdiotoxin. Values are given as the 
antigen~i7^duced proliferation minus the spontaneous proliferation (/:]cpm). 
Values are shown as mean cpm values ±s.d. of triplicate determinations 
(a). Comparison of the NSS-specific IgG subclass response at week six in 
BALB/c mice immunized with rNS3 (10 pg) in PBS, NS3-pVAXl or NS3/ 
4A-pVAXl (b). Values have been given as the mean end point tit re ±s.d. of 
IgGl or IgG2a antibodies to NS3. The titer ratios were obtained by 
dividing the mean endpont titer of lgG2a antibodies to NS3 by the mean 
endpont titer IgGl atjtibodies to NS3. A high ratio (>3) indicates a Thl- 
like response and a low ratio (<03) indicates a ThZ-like response, whereas 
values within a three- fold difference from 1 (0.3-3) indicates a mixed Thlj 
Thl response. Also given (c) are the proliferative responses in the spleen 
after one immunization with rNS3 in CFA, after 3 monthly injections with 
the NS3l4:A'pVAXl plasmid given i.m. (these mice were killed 6 weeks 
after the last injection). Values are shown as mean cpm values of triplicate 
determinations (c). 


We first determined how many DNA injections were 
needed to prime CTLs that lysed the NS3/4A-expressing 
cells in vitro. Mice were pretreated with cardiotoxin and 
were given 2, 3, or 6 monthly injections in TA muscles of 
100 |ig NS3/4A-pVAXl. Groups of five mice were killed 
2 weeks after each injection. \Ve found that 3-6 intra 
muscular (i.m.) injections were needed for the priming of 
in vitro detectable CTLs (Figure 5). 

To ensure that in vivo active CTLs were primed, all 
mice received five immunizations prior to in vivo 
challenge with the NS3/4A-expressing cells. There was 


no difference in tumor growth among groups of mice 
immunized with PBS, or with a control plasmid 
expressing the pi 7 protein of human immunodeficiency 
virus type 1 (Iroegbu et aP^; Figure 6). in addition, mice 
immunized with rNS3 in CFA did not show inhibition of 
tumor growth', confirming that the priming of specific B 
and Th cells alone does not confer tumor protection in 
this model (Figure 6). in contrast, immunization with 
100 ^g of NS3-pVAXl or NS3/4A-pVAXl significantly 
reduced tumor growth at all time points (Figure 6). 
Interestingly, immunization with mNS3/4A showed 
significant inhibition of tumor growth at days 7 and 13, 
but not at day IT By reducing the dose of plasmid 10- 
fold, the ability to prime inhibiting responses was lost for 
the NS3-pVAXl plasmid, but not for the NS3/4A-pVAXl 
plasmid (Figure 6). Thus, NS4 enhances the immuno- 
genicity of NS3 also in the priming of in vivo tumor 
protecting immune responses. Interestingly, the presence 
of a functional cleavage site at the NS3/4A junction 
seems to be important to utilize fully the benefits of 
■NS4A. Importantly, the slightly lower protection con- 
ferred by immunization with mNS3/4A-pVAXl expres- 
sing the NS3/4A fusion protein (Figure 6) shows that the 
importance of NS4A cannot be explained by new 
epitopes carried by NS4A or the NS3/4A junctional 
region. 

Despite immunization, most mice developed tumors, 
albeit at a lower growth rate. To study the development 
of tumors in the different experimental groups, sections 
were prepared from all harvested tumors. In tumors 
developing in mock-immunized mice, necrosis was a 
common occurrence, with central cell death character- 
ized by the presence of pycnotic nuclear remnant (Figure 
7). In corresponding sections stained for CD3 antigen, 
only a sparse infiltration of positive T lymphocytes was 
noted (Figure 7). A similar picture was seen in mice 
immunized with recombinant NS3 (data not shown). In 
DNA-immunized animals occasional necrotic areas 
could be seen. However, large tumor areas had been 
replaced by oedematous and vascularized tissue (Figure 
7). These areas were densely infiltrated by CD3 positive 
lymphocytes. At the interface to viable tumor tissue, an 
accumulation of lymphocytes was noted as well as 
apoptotic cells, probably representing dying myeloma 
cells (Figure 7). In addition, staining by the CD3 antibody 
revealed a major invasion of T cells in areas with tumor 
regression (Figure 7). Thus, this further confirms that T 
cells, presumably CTLs, are responsible for the observed 
inhibition of tumor growth. 

Evaluation of the NS3/4A-pVAX1 plasmid 
administered by gene gun immunization 
All data obtained strongly suggest that the NS3/4A- 
based DNA immunogen has the properties desired in a 
therapeutic vaccine for chronic HCV infection. Although 
injections in regenerating muscle tissue are effective for 
DNA immunizations in mice, such treatments are 
unrealistic for human use. We therefore evaluated the 
performance of the NS3/4A-pVAXl immunogen by 
transdermal delivery using the gene gun, which is 
presently evaluated in humans. To evaluate the efficiency 
of transdermal plasmid administraion in priming CTLs, 
we first had to develop the reagents needed to quantify 
the CTL responses by flow cytometry. 
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To quantify NS3/4A-specific CTLs using a divalent 
MHC:Ig fusion protein,^^ we first identified a peptide 
corresponding to an H-2''-restricted NS3-specific CTL 
epitope. NS3/4A-specific CTL epitopes were identified 
from a set of overlapping 20 aa synthetic peptides 
spanning NS3/4A. The 20 aa peptides were assayed for 
the stabilization of surface expression of MHC class 1 
molecules on transporter associated with antigen proces- 
sing (TAP) 2 deficient RMA-S cell line/^^-'^ By- this assay, 
one peptide was identified that bound H-2D^' molecules 
with high affinity (data not shown). To verify the optimal 
peptide sequence, nine aa long peptides, with an eight aa 
overlap, were synthesized and evaluated for H-2D^ 
binding (data not shown). This identified one candidate 
peptide (sequence GAVQNEVTL), located at the C- 
terminal domain of NS3, 21 aa from the NS3/4A 
junction. The peptide was then used to immunize 
C57BL/ 6 (H-2'') mice. Splenocy tes from immunized mice 
were harvested, restimulation cultures were set with the 
NS3 peptide and irrelevant peptides, and 5 days later the 
effector cells were tested for lysis of peptide-loaded 
RMA-S cells. NS3/4A-specific CTLs could only be 
detected in splenocytes from peptide-immunized mice 
that had been restimulated with the NS3/4A peptide 
(Figure 8). To test whether the NS3-derived CTL peptide 
could be recognized by CTLs primed by NS3/4A-pVAXl 
immunization using gene gun, spleens from DNA- 
immunized mice were restimulated with the NS3 
peptide and evaluated for lysis of peptide-loaded 
RMA-S cells. These experiments showed that mice 
immunized transdermally with NS3/4A-pVAXl using 
the gene gun developed NS3-specific CTLs only when 
splenocytes had been restimulated with the NS3 peptide 
and not an irrelevant peptide (Figure 8). 

We could now quantify specific CTLs directly ex vivo. 
The advantage of this technique is that it bypasses the 
possible disadvantages of in vitro expansion of CTLs 
prior to analysis. Direct ex vivo quantification of NS3- 
specific CTLs using NS3-peptide-loaded divalent H- 


2D'';lg fusion protein , molecules revealed that around 
2-4% of the CD8-I- population in the spleens from mice 
immunized transdermally with NS3/4A-pVAXl using 
the gene gun were specific for NS3/4A (Figure 9). This is 
fully consistent with the effective lysis of peptide-loaded 
cells recorded in the lytic assays. Thus, NS3/4A-pVAXl 
effectively primes a large population of specific CTLs. 
that are readily detectable in vitro and that recognize a 
fine mapped H-2D" binding NS3-specific CTL epitope. 

Evaluation of the in vivo priming of tumor-infiibiting 
immune responses by gene gun immunization 
To test the efficiency of the in vivo primed NS3/4A- 
specific CTL responses following transdermal adminis- 
tration, immunized mice were challenged with the NS3/ 
4A-expressing SP2/0 tumor cell line. Previous experi- 
ments had shown that four transdermal injections 
primed a high precursor frequency of NS3/4A-specific 
CTLs. Groups of 10 BALB/c mice were either left 
untreated or given four injections . with 4 },ig of the 
NS3/4A-pVAXl plasmid at monthly intervals. A total 
dose of 16^ig NS3/4A-pVAXl plasmid effectively, 
primed CTL responses in vivo that significantly inhibited 
tumor growth (Figure 10). Thus, using the same route 
and dose as previously used in humans,^^ we found that 
the NS3/4A-pVAXl plasmid primed tumor-inhibiting 
immune responses. This strongly suggest that the NS3/ 
4A-pVAXl plasmid delivered transdermally may be a 
viable approach also in humans with the aim of priming 
HCV-specific CTLs. 


Discussion 

Several vaccine approaches are being tested for HCV 
infections. Many of these rely on genetically variable 
regions of the virus, such as the envelope (e) 1 or e2 
proteins. A problem with vaccines based on viral genes 
with a high degree of variability is that the immune 
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Figure 5 Kinetics of the priming of in vitro detectable CTLs in H-2'' mice. Groups of five H-2'' mice were immunized i.ni. with WO pg NS3/4A-pVAXl at 
monthhj intervals. All mice were pr el rented with cnrdio toxin. Results from the cytotoxicity assays have been given from two injections (a), three injections 
(b), and six injections of 100 pg DNA (c). The percent specific lysis corresponds to the percent lysis obtained with N S3 14 A expressing SPljO cells minus the 
percent lysis obtained with nontransfcctcd SPljO cells. Values have been given for effector lo target (E:T) call ratios of 40:1 , 20:1 and 10:1 . More than 10% 
specific lysis zvas considered as positive. Each line indicate an individual mouse. 
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Figure 6 Inhibition of in vivo tumor cell growth by different modes of immunization. Groups of five to 10 H-2'' mice xocre immunized with either PBS or 
20 fig rNS3 in CPA given intra peritonealhj or 100 ftg of control plnsmid (pl7'pcDNA3) (n) or zoith W fig of NS5-pVAX'i or NS3l4A-pVAXl (b) or 100 fig 
of NS3-pVAXl or NS3l4A-pVAXl or mNS3/4A-pVAXl (c). Mice xuere primed mid boosted at week 4, 5, 72 and 16. All mice were pretreated with 
cardiotoxin. Mice were injected with IxW^ NS3l4A-expressing SP2/0 cells s.c. 2 week after last immunization. Tumor sizes were measured through the 
skin at days 1, 11 and 13 after tumor injection. Mean tumor growth in each group was for the ivhole period and groups zvere compared statistically using 
area under the curve (AUC) and ANOVA. (d) shows statistical comparisons between the experimental groups and the control groups have been given. 


responses primed by the vaccine may not recognize the 
virus of the infected host. Thus, there are ample 
arguments as to why vaccines against viruses with a 
high genetic diversity should be based on the most 
genetically stable regions of the virus. In the HCV 
genome, two regions are well conserved between 
different strains, the core and NS3 regions. Unfortu- 
nately, neither of these has been found to be highly 
immunogenic in animal models.^ Several factors 
favor the use of NS3. First, NS3 is a large protein 
whereby a genetic nonresponder status on the T-cell level 
is unUkely, as previously suggested from murine experi- 
ments.^^ Second, the reason for the genetic stabiUty is 
most likely the three different enzymatic properties 
contained within NS3, protease, helicase and NTPase. 
Thus, many genetic changes within NS3 will affect the 
viral replication. Third, numerous studies have now 
found that NS3-specific T-cell responses correlate with 
resolution of the infection. ^"^ 

We noted early on that our DNA-based immunogen 
comprising the complete protease of HCV that is, both 


NS3 and NS4A, induced much higher antibody levels 
than previously reported. '"-'^^ This suggested that NS4A 
might affect the immunogenicity of NS3. It should be 
noted that NS4A as a cof actor for the NS3 protease has 
the ability to target the NS3/4A complex to intracellular 
membranes, and to prolong the intracellular half-life of 
|sjs3 r>,2u 7a|^en together, these data indeed suggest that 
the 54 a a NS4A protein may also affect the inimuno- 
genicity of NS3. The present study was undertaken to 
resolve this issue. 

To better understand why NS4A is important for the 
immunogenicity of NS3, we designed mutant versions of 
the NS3/4A gene. It is presumed that NS3 cleaves the 
NS3/4A junction in trans and that the free NS4A binds to 
the NS3 protease domain.^'^''''^^^ Using in vitro translation 
assays, we found that the NS3/4A gene gave rise to two 
bands around 70-78 kDa. The smaller band was pre- 
sumed to be NS3 and the larger band was presumed to 
be the iincleaved NS3/4A fusion protein. By replacing 
the junctional Thr-Ser-Thr motif by a Thr-Pro-Thr motif, 
it became clear that the proteolytic site had been 
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Figure 7 Histological appearance of solid tumors excised from nommmimized mice (a and b), mice immunized with U) ng NS3l4A-pVAXl (c and d), and 
mice immunized with 100 fig NS3/4A-pVAXl (e and f). Sections of N S3 14 A expressing SPl/O myeloma stained by hcmatoxylin-eosin (a, c, and e) or by 
anti-CD3 antibody (b, d, andf). The inset in (a) show the results from testing the tratisfectcd cell line for expression of NS3/4A mRNA by RT-PCR. Lanes 1 
and! shows the molecular weight markers, lane 3 the NS3/4A-SP2/0 cells, lane 4 the SP2/0 cells, lanes 5, 7, and 8 are negative controls, and line 6 a DNA 
PCR of the NS3/4A-pVAXl plasmid giving a band of 2061 bases. 


destroyed since only the NS3/4A fusion protein could be 
detected as a translation product from the mutant 
plasmid. Interestingly, the mutant construct primed an 
intermediate humoral response as compared to the NS3 
and NS3/4A genes. Also, the mutant NS3/4A gene was 
less efficient in priming tumor-inhibiting responses in 
vivo. This suggests that new NS3/4A junctional epitopes 
cannot explain the beneficial effects of NS4A, and thus a 
functional cleavage site between NS3/NS4A seems to be 
needed to utilize fully the effects of NS4A. By comparing 
the expression levels of the NS3, NS3/4A and the 
mNS3/4A genes, in transient transfections we found 
that the presence of NS4A in its native form increased the 
expression levels of NS3. 

The inclusion of NS4A in the NS3-based DNA 
immunogen had several beneficial effects. The NS3- 
specific humoral responses appeared quicker and 
reached higher titers, which show that the intrinsic 
immunogenicity of the NS3 protein had been improved. 
In addition, the priming of Th cells was more effective 
and the Thl/Th2 balance was shifted towards Thl. 


Finally, an in vivo CTL-dependent inhibition of NS3/4A- 
expressing tumor cells couid be obtained at 10-fold lower 
doses of the immunogen when NS4A was present. Thus, 
the presence of NS4A in the context of a heterodimer or a 
fusion protein with NS3 has superior immunogenic 
properties as compared to N53 alone. What could be 
the possible explanations for this observation? First, we 
did find that the expression levels of NS3 were improved 
by the inclusion of NS4A. This finding alone can most 
likely explain the effects on immunogenicity. Second, it 
has been shown that the presence of NS4A increased the 
intracellular survival of NS3. This would presumably 
also add to the observed immunogenic characteristics of 
the NS3/4A gene. Alternative explanations could be that 
the NS3/4A-pVAXl plasmid itself has some immune 
stimulating properties or that a new T-cell site has been 
generated. We could show that a control DNA sequence 
(CpG-1826; Hartman et did activate B cells (data not 
shown). However, comparing the activation of B cells by 
the addition of NS3- and NS3/4A-pVAXl plasmids, no 
difference as determined by flow cytometry could be 
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Figure 8 Gene gun immunization with NS3l4A-pVAXl induces CTL 
specific for an H-2D''~rcstricted peptide epitope. Groups of five to ten 
C57BL/6 mice were immunized s.c. with 100 fig NS3-specific peptide 
(GAVQNEVTL) in CPA or transdermally with 4 pg DN A/dose using the 
gene gun at monthly intervals. Spleen cells from naive (n) or NS3 pcptide- 
immunized mice (b) or NS3l4A-pVAXl gene gun-immunized mice (d) 
were restimulated 5 days in vitro with irradiated NS3-pcptide loaded naive 
spleen cells. Spleen cells from gene gun-immunized mice restimulated xvith 
an irrelevant H-2D^ binding peptide served as negative control (c). In 
panel (d) white boxes indicates the % specific lysis after three 
immunizations and black boxes represent the % specific lysis after four 
immunizations. Within the parentheses the peptide used in the rcsiimula- 
tion cultures have been indicated. Each line represents data from an 
individual mouse. 
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Figure 9 Induction of NS3!4A-spccific CDS T cells after gene gun 
immunization. The frequency of NS3 peptide-specific CDS T cells were 
determined by flow cytometric staining of spleen cells from nave mice (a, c, 
c, and g) and NS3/4A-pVAX:i DN A-immunized mice (b, d,f and h) with 
dimeric H-2D'':lg fusion protein loaded wilh the NS3 peptide (GAVQ- 
NEVTL). Unloaded H-2D'':!g fusion protein zoas used to monitor 
unspccific staining (g and h). A total of 150 000-200 000 cells were 
collected and the percentage of CDS+ cells stained for H-2D'':Ig are 
indicated in the parentheses in each dot-plot. 


observed (data not shown). Also, no junctional T-cell 
reactivity could be detected. Hence, we favor the 
hypothesis that the increased immunogenicity of NS3 
by the inclusion of NS4A is, at least in part, explained by 
an increased expression of NS3. 

Today there are many arguments that one major aim of 
a therapeutic vaccine is to prime virus-specific CTL. 
particular when a nonstructural viral protein is used, 
CTLs may be a crucial component of the antiviral 
response. We could show that NS3-specific CTLs are 
effectively primed by the NS3/4A-pVAXl plasmid 
administered i.m. or transdermally. Importantly, the 
identification of an H-2D'^-restricted NS3/4A-derived 
CTL epitope allowed for a direct ex vivo quantitation of 
the CTL response after immunization. Four gene gun 
immunizations with 4 pg plasmid per dose elicited NS3 
specific T cells that corresponded to approximately 4% of 
the whole splenic CD8-f- population. In addition, these 
responses were active in vivo and inhibited growth of 
NS3/4A-expressing tumor cells. Thus, the NS3/4A- 
pVAXl immunogen when administered transdermally 
at low doses is highly effective in priming NS3-specific 


CTLs, one of the major goals with therapeutic vaccine 
regimens. In fact, this is the same DNA dose as already 
used in human vaccine trials.'*^^ 

In conclusion, we have found that the inclusion of 
NS4A in NS3-based DNA immunogens is essential for 
the immunogenicity of NS3, presumably due to the 
observed increased expression levels of NS3 conferred by 
NS4A in vitro. All parameters of the NS3-specific 
immune response were improved by the addition of 
NS4A. We could show that this is not explained by the 
generation of a new T-cell site at the NS3/4A junction. 
Additionally, the mice used (H-2'') do not respond to 
. NS4A of genotype 1 and in T cell recall experiments 
only NS3 was used as the recall antigen. Consistent with 
this the mutant NS3/4A gene did not show increased 
expression levels, and was not as effective as the native 
1VS3/4A gene in priming CTL responses in vivo. Finally, 
the 150-bp NS4A sequence does not add any immune- 
stimulating motifs, such as the CpC motif, and the NS3/ 
4A-pVAXl plasmid did not activate B cells any differ- 
ently than the NS3-containing plasmid. Thus, all avail- 
able data suggest that the increased immunogenicity of 
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Figure 10 Inhibition of in vivo tumor growth by gene gun immunization. 
Groups of ten BALB/c mice were either left untreated or were given 4 
monthly transdermal immunizations with 4 i^ig DNAJdosc ,of NS3I4A- 
pVAXl. Mice were injected s.c with IxW NS3l4A'expressing SPljO 
cells 4 weeks after last immunization. Tumor sizes xvere measured througJi 
the skin at days 6,7,8,10,11,12, 13, and 14, 15 after tumor injection. The 
area under the curve for the two curves was statistically different 
(ANOVA; P<0.01). 


NS3 by the inclusion of NS4A can only be explained by 
the observed increase in expression levels obtained by 
the inclusion of NS4A. The importance of NS4A in the 
immunogenicity of NS3 is, thus, most likely explained by 
the fact that NS4A somehow affects the expression levels 
of NS3, either as the NS3/4A heterodimer or by NS4A 
alone. Regardless of the mechanism, the increased 
expression of NS3 observed in vitro by the inclusion of 
NS4A is fully consistent with the improved immuno- 
genic properties observed using the NS3/4A gene. 
However, further experiments are needed to resolve the 
mechanism behind the increased expression levels. 

Importantly, the NS3/4A gene effectively primes a 
high precursor frequency of CTLs that inhibit the growth 
of NS3/4A-expressing tumor cells in vivo when adminis- 
tered transdermally, a delivery route thought mainly to 
prime Th2-like immune responses. Thus, the NS3/ 
4A gene delivered transdermally has many attractive 
features desired in a therapeutic vaccine. 

It is generally believed that a therapeutic vaccination 
schedule, where the antigens are delivered under 
optimal immunigenic conditions, may improve the 
immune responses against the virus infecting the host 
despite the constant presence of viral proteins. This 
approach has been shown to be effective in animals 
infected with the hepatitis B virus. 

With respect to chronic HCV infections, there are some 
reasons as to why therapeutic vaccination could help 
existing therapies. A previous infection with HCV 
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confers partial protection against reinfection, suggesting 
that functional protective immune responses can in fact 
be primed.'*'* It has been shown that patients who 
spontaneously clear acute HCV infections have an active 
endogenous T-cell response to HCV, whereas those who 
progress to chronicity have not.^'-^ This, obviously 
antiviral, T-cell response has been shown to be directed 
towards the NfS3 protein.^'-^ In addition, NS3-specific T- 
cell responses are rarely found in patients with chronic 
HCV infections. '*''^^^. Key factors, in basing a therapeutic 
HCV vaccine on the NS3 protein, are that NS3 is a large 
protein and encoded by a region within the HCV 
genome with a low genetic heterogeneity. This increases 
the chance that a vaccine-primed response will recognize 
the virus present in the host. Thus, if one were to 
combine existing antiviral therapies with NS3/4A-based 
therapeutic vaccination, the combined antiviral and 
immune activating effects may help to push the virus- 
host balance in favor of the host, resulting in a higher 
frequency of patients with a sustained virological 
response to therapy. 

Materials and methods 
Mice 

Inbred BALB/c (H-2'') and C57BL/6 (H-2^^) mice were 
obtained from commercial vendors (Charles River, 
Uppsala, Sweden). The ethical committee for animal 
research at Karolinska Institutet had approved all animal 
experiments. 

Synthetic peptides 

20-mer pepticies, corresponding to the complete NS3/4A 
sequence used as DNA immunogen, were synthesized 
by automated peptide synthesis as described pre- 
viously'**^ Additional 9-mer peptides used in the fine 
mapping of the CTL epitope in 1-1-2^' mice were produced 
by similar procedures. 

Recombinant NS3 ATPase/helicase domain protein 
The recombinant NS3 (rNS3) protein was kindly pro- 
vided by Darrell L Peterson (Department of Biochem- 
istry, Commonwealth University, VA). The production of 
recombinant NS3 protein (not including NS4A) in 
Escherichia coli has been described in detail previously.'*^ 
Prior to use, the rNS3 protein was dialyzed overnight 
against PBS and sterile filtered. 

HCV NS3 and NS3/NS4A DNA plasm ids and in vitro 
mutagenesis 

A full-length NS3 and NS3/NS4A gene fragment was 
amplified from a patient infected with HCV genotype lb 
as previously described, '-"^ The NS3 and NS3/4A genes 
were inserted into the eukaryotic expression vector 
pVAXl (Invitrogen, San Diego, CA, USA). For amplifica- 
tion of NS3, the forward primer 5'-GTG GAA TTC ATG 
GCG CCT ATC ACG GCC TAT-3' and the reverse primer 
5'-CCA CGC GGC CGC GAG GAC CTA CAG-3' were 
used to introduce EcoRl and Notl restriction sites 
(underlined). The engineered translation initiation and 
stop codon is shown in bold. For amphfication of NS3/ 
NS4A, the forward primer 5'-GTG GAA TTC ATG GCG 
CCT ATC ACG GCC TAT-3' and the reverse primer 5'- 
CCC TCT AGA TCA GCA CTC TTC CAT TTC ATC-3' 
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were used to introduce EcoRl and Xhal restriction sites 
(underlined). All expression constructs were sequenced 
to ensure correct sequence and reading frame. The size of 
the constructs was analyzed by PGR and restriction 
enzyme cleavage. 

A mutant NS3/4A (mNS3/4A) gene where the amino 
terminal serine residue was mutated to a proline was 
produced by site-directed in vitro mutagenesis (Quik- 
Change, Site-Directed Mutagenesis Kit, Strata gene. La 
Jolla, CA, USA). Forward (5'-CTG GAG GTC GTC ACG 
CCT ACC TGG GTG GTC GTT-3') and reverse primer (5'- 
AAC GAG GAG GGA GGT AGG GGT GAG GAG GTG 
GAG-30 containing the mutation were used to introduce 
the mutation in the plasmid and generated the mNS3/ 
4A-pVAXl vector. The mutant construct was sequenced 
to control the desired mutation sequence and to ensure 
correct reading frame. The plasmid was also tested by an 
in vitro transcription and translation assay to ensure that 
the gene was intact and could be translated. 

Plasmid DNA was grown and purified from £. coli 
through culturing colonies from LA/Kana plate in 
Luria-Bertani (LB) media containing 50 )ag kanamycin/ 
ml as previously d escribed. ^^^-^"^ The purified plasmid 
DNA was dissolved in sterile phosphate-buffered saline 
(PBS) to a concentration of 1 mg/ ml 

Semliki forest virus (SFV) vectors and transfection 
experiments 

Baby Hamster kidney (BHK)-21 cells were maintained in 
complete BHK medium supplemented with 5% PCS, 10% 
tryptose phosphate broth, 2 mM glutamine, 20 mM Kepes 
and antibiotics (streptomycin lOfig/ml and penicillin 
100 lU/ml). 

The sequence encoding NS3, NS3/4A and mNS3/4A 
was isolated by PGR as Spel-BStBl fragments 
and inserted into the Spel-BstBI site of pSFVlOEnh 
containing a 34 aa long translational enhancer 
sequence of capsid followed by the FMDV 2a cleavage 
peptide.^'°-'i 

Packaging of recombinant RNA into rSFV particles 
was done using a two-helper RNA system In brief, 
BHK cells were cotransfected with recombinant RNA 
and two helper RNAs, one of which codes for the SFV 
capsid protein and the other for the envelope proteins. 
After 48 h incubation, medium containing recombinant 
virus stock was harvested and purified.-''^ Indirect 
immunofluorescence of infected BHK cells was per- 
formed to determine the titre of the recombinant virus 
stocks.^^°'^^ 


Analysis of expression of NS3 protein from rSFV 
particles 

Metabolic labelling of rSFV-infected cells with 
P^S]methionine has been previously described.-"^'^-'^' 
Briefly, BHK cells were infected with rSFV particles at 
an MOI of 5. After 15 h the growth medium was replaced 
with methionine-free MEM for 30 min prior to the 
addition of fresh medium containing 75 |.iGi/ml p-'^Sl 
methionine. After a 15 min labelling period, the cells 
were incubated further for various times in medium 
containing unlabelled methionine. Supernatants were 
collected and the cells lysed with Nonidet P-40 buffer 
containing 100 mM iodoacetamide. 
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Protein sample preparation and analysis 
Cell ly sates were analyzed by immunoprecipitation 
followed by SDS-PAGF, as described previously.^^^-^' Gell 
lysates were immunopreci pita ted with protein A sephar- 
ose and anti-NS3 monoclonal antibody (kindly provided 
by G Inschauspe, Lyon, France) O/N at 4*'G. The washed 
pellets were resuspended in SDS sample buffer, and 
heated- at 95"C for 5 min prior to SDS- PAGE analysis on 
10% acrylamide reducing gel. 

Immunofluroescence 

Indirect immunofluorescence of rSFV-infected BHK cells 
was carried out to detect the expression of NS3 protein. 
BHK cells were infected with rSFV-NS3, NS3/4A or 
mNS3/4A at an MOI of 5. After 16, 18 or 24 h growth, the 
cells were fixed in methanol and the protein expression 
detected by incubahon of the cells with anti-NS3 
monoclonal ab (kindly provided by G Inschauspe, Lyons, 
France) and subsequently anti-mouse IgG FITC (Sigma). 

In vitro translation assay 

To ensure that the NS3 and NS3/4A genes were intact 
and could be translated, an in vitro transcription assay 
using the prokaryotic T7 coupled reticulocyte lysate 
system (TNT; Promega, Madison, Wl, USA) was per- 
formed as previously described. '^"^-^^"^ 

Immunization protocols 

Groups (5-20 mice/group) of female BALB/c (H-2^) or 
C57BL/6 (H-2'^) mice, 4-8 weeks old, were immunized 
by needle injections of 100 |.(g of plasmid DNA encoding 
individual or multiple HCV proteins. Plasmid DNA in 
PBS was given i.m. in the tibialis anterior (TA) muscle.^''^ 
Where indicated in the text, the mice were injected i.m. 
with 50 yd/TA of 0.01 niM cardiotoxin (Latoxan, Rosans, 
France) in 0.9% sterile saline NaCl, 5 days prior to DNA 
immunization. The mice were boosted at 4- week inter- 
vals. 

For gene gun-based immunizations, plasmid DNA was 
linked to gold particles according to protocols supplied 
by the manufacturer (Bio-Rad Laboratories, Hercules, 
GA, USA). Prior to immunization, the injection area was 
shaved and the immunization was performed according 
to the manufacturer's protocol. Each injection dose 
contained 4 |.ig of plasmid DNA. The mice were boosted 
with the same dose at monthly intervals. 

Peptide immunizations were performed using 100 jig 
peptide mixed with complete Freunds adjuvant (1:1), 
and injected subcutaneously (s.c.) in the base of the tail. 

ELISA for detection of murine anti-HCV NS3 
antibodies 

Serum for antibody detection and isotyping was col- 
lected every second or fourth week after the first 
immunization by retro-orbital bleeding of isofluorane- 
anesthetized mice. The enzyme immunoassays were 
performed as previously described.'^"^'^" 

Cell lines 

The SP2/0-Agl4 myeloma cell line (H-2^') was main- 
tained in DMEM medium supplemented with 10% fetal 
calf serum (PCS; Sigma Chemicals, St Louis, MO, USA), 
2mM L-glutamin, 10 mM HEPES, lOOU/ml penicillin 
and 100|.ig/ml streptomycin, 1 mM non-essential amino 
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acids, 50 |iM P-mercaptoethanol and 1 mM sodium 
pyruvate (GIBCO-BRL, Gaithesburgh, MD, USA). SP2/ 
0-Agl4 cells with stable expression of NS3/4A were 
generated by transfection of SP2/0 cells with the 
linearized NS3/4A-pcDNA3.1 plasmid using the Super- 
Feet (Qiagen GmbH, Hilden, FRG) transfection reagent. 
The transfection procedure was performed according to 
the manufacturer's protocol. Transfected cells were 
cloned by limiting dilution and selected by the addition 
of 800 |.ig geneticin (G418)/ml complete DMEM medium. 
Expression of NS3/4A was confirmed by reversed 
transcription PGR and by a capture EIA using a 
monoclonal antibody to NSS.^"^ 

RMA-S cells (a kind gift from Professor Klas Karre) 
were maintained in RPMI1640 medium supplemented 
with 5% PCS, 2 mM L-glutamine, 100 U/ml penicillin and 
100|ig/ml streptomycin. All cells were grown in a 
humidified 37°C, 5% CO2 incubator. 

Detection of CD4h- proliferative responses to NS3 
The detection of proliferative responses to NS3 followed 
previously described protocols. In brief, groups of 
mice were immunized with 100 |.ig NS3-pVAXl or NS3/ 
4A-pVAXl inTA muscles. Splenocytes were harvested 13 
days later, single-cell suspensions were prepared and the 
cells were incubated with serial dilutions of rNS3. The 
cells were incubated with or without rNS3 for 4 days, 
and for the last 24 h ^^H-labelled thymidine (TdR) was 
added. A liquid scintillator was used to measure the 
uptake of radioactive thymidine. 

In vivo challenge with the NS3/4A-expressing SP2/0 
myeloma 

In vivo challenge of immunized mice with the NS3/4A- 
expressing SP2/0 myeloma was performed according to 
the method described by Encke et al?^ In brief, groups of 
BALB/c mice were immunized with different immuno- 
gens at weeks 0, 4, 8, 12 and 16 as described. In all, 2 
weeks after the last immunization, 1 or 2 x 10^' NS3/4A- 
expressing SP2/0 cells were injected sx in the right flank. 
The kinetics of the tumor growth was determined by 
measuring the tumor size through the skin at days 6 to 
14. The mean tumor sizes were calculated and the AUG 
values from the groups were compared using ANOVA. 
At day 14, all mice were killed, the tumors were 
removed, paraffin embedded, and sectioned. Tumor 
sections of 4 |im thickness were mounted on slides and 
stained with hematoxylin-eosin dye according to stan- 
dard procedures. The amount of T-cell infiltration in the 
tumor was determined by staining with the anti-CD3 
antibody (Dako, Denmark). A pathologist who was 
blinded as to which group the section belonged, 
analyzed the histological appearance of the tumors. 

Immunohistochemistry 

Tumor tissue was placed in formalin and embedded in 
paraffin; 4 |im sections were prepared. Paraffin-em- 
bedded sections were pretreated with an avidin-biotin 
blocking kit (Vector, Vector Laboratories, Burlingame, 
CA, USA) and then immunostained with an anti-CD3 
antibody. For detection, biotinylated immunoglobulins, 
followed by avidin-biotin peroxidase (Vector) were used. 
Microwave pre treatment was also used for CD3 im- 
munostaining. 


Antibodies and MHC:lg fusion protein 
All monoclonal antibodies and MHG:Ig fusion proteins^^ 
were purchased from BDB Pharmingen (San Diego, CA, 
USA); anti-GDI 6/CD32 (Fc-block™, clone 2.4G2), FITG- 
conjugated anti-GD8 (clone 53-6.7), FITC-conjugated 
anti-H-2K^^ (clone AF6-88.5), FlTG-conjugated anti-H- 
2D'' (clone KH95), recombinant soluble dimeric mouse 
H-2D'Mg, PE-conjugated Rat-a Mouse IgGl (clone X56), 
FlTG-conjugated anti-BrdU (clone B44), PE-conjugated 
anti-GD69 (clone H1.2F3), Gy-Ghrome™ conjugated anti- 
GD45R/B220 (clone RA3-682). 

Peptide stabilization assay 

To identify NS3/4A peptides able to bind to MHG class I 
molecules, we tested overlapping 20-mer peptides (in 
total, 69 different peptides with 10 aa overlap) for 
binding to MHG class 1 using the RMA-S stabilization 
assay described previously^^^''"'''' Briefly, 1 x 10^ RMA-s 
cells were incubated in RPMri640 medium supplemen- 
ted with 10% FGS, 2 mM L-glutamine and 10 mM HEPES 
for 16-20 h with 0.3 mM of individual 20-mer peptides at 
room temperature (~2rG). Gells were then washed and 
stained for 30 min on ice with an optimal concentration 
(Uig/lOn of FITC-conjugated anti-H-2K^'' or anti-H-2D'^ 
antibodies. Cells were resuspended in PBS/1% FGS 
(FAGS buffer) containing 0.5 |.tg/mi of propidium iodine 
(PI; Sigma). The H-2K" and H-2D'^ expression on live 
cells (PI negative) were analyzed by FAGS. In order to 
determine the optimal aa sequence of one selected H-2D'' 
binding 20-mer peptide, nine aa long peptides with an 
eight aa overlap were synthesized and evaluated for H- 
2D'' binding. Varying peptide concentrations (0.01- 
100).LM) were used and peptide-loaded RMA-S cells 
were chased at 37"G for 45 min prior to staining with 
anti-H-2D'^ antibodies in order to reduce nonspecific 
background (data not shown). 

Detection of NS3/4A-specific CTL 
Spleen cells from DNA-immunized BALB/c mice were 
resuspended in complete DMEM medium. In vitro 
stimulation was carried out for 5 days in 25-ml flasks 
at a final volume of 12 ml, containing 5 U/ml recombi- 
nant murine IL-2 (mIL-2; R&D Systems, Minneapolis, 
MN, USA). The restimulation culture contained a total of 
40x10'' immune spleen cells and 2x10*^ irradiated 
(lOOOOrad) syngenic SP2/0 cells expressing the NS3/ 
4 A protein. After 5 days in vitro stimulation, a standard 
^^'Cr-release assay was performed. SP2/0 cells and SP2/0 
cells expressing the NS3/4A protein served as targets, 
and were labelled for 1 h with 20 ).il of ^"^^Cr (5 mCi/ml) 
and then washed three times in PBS. Serial dilutions of 
effector ceils were incubated with 5 x 10^"* ^"^^Cr- labelled 
target cells/weiL After a 4 h incubation at 5% GO2, 37"G, 
100 of supernatant was collected and the radioactivity 
was determined by a y-counter. 

Spleen cells from pep tide-immunized mice (12 days 
post-immunization) or naive mice were resuspended in 
RPMI 1640 medium supplemented with 10% FGS, 2 mM 
L-glutamine, 10 mM HEPES, 100 U/ml penicillin and 
100 i-ig/ml streptomycin, 1 mM nonessential aa, 50 \iM p- 
mercaptoethanol and 1 mM sodium pyriivate. hr vitro 
stimulation was carried out for 5 days in 25-ml flasks in a 
total volume of 12 ml, containing 25x10^' spleen cells 
and 25 x 10'' irradiated (2000 rad) syngeneic splenocytes. 
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The restimulation was performed in the presence of 
0.05 |iM NS3 H-2D'^ binding peptide (sequence GAVQ- 
NEVTL) or irrelevant H-2D^ peptide (sequence KAVYM- 
FATIVI). After 5 days in vitro culture, a ^^^^Cr- release assay 
was performed as described above. RMA-S cells and 
RMA-S cells pulsed with 50 nM peptide for 1.5 h at +37"C 
prior to ^^^Cr labelling served as targets. 

Quantitation of NS3-specific CTLs by flow cytometry 
The frequency of NS3/4A-peptide specific CD8+ T cells 
was analyzed by ex vivo staining of spleen cells from 
NS3/4A DNA-immunized mice with recombinant solu- 
ble dimeric mouse H-2D'':Ig fusion protein. Spleen cells 
(10^) resuspended in 100 |,il PBS/1% FCS (FACS buffer) 
were preincubated with 1 |,ig/10^ cells of Fc-blocking 
antibodies on ice for 15 min. The cells were then 
incubated on ice for 1.5 h with either 2pg/10'' cells of 
H-2D'':Ig preloaded for 48 h at +4"C with 160 nM excess 
of NS3-derived peptide (sequence GAVQNEVTL) or 
2 |ig/10^' cells of unloaded H-2D*':Ig fusion protein. The 
cells were then washed twice in FACS buffer and 
resuspended in 100 |il FACS buffer containing 10 |.il/ 
100 |il PE-conjugated rat-a mouse IgGl secondary anti- 
body, and incubated on ice for 30 min. The cells were 
then washed twice in FACS buffer and incubated with 
1 |ig/10^ cells of FITC-conjugated a-rhouse CDS antibody 
for 30 min. The cells were then washed twice in FACS 
buffer and resuspended in 0.5 ml FACS buffer containing 
0.5 |ig/ml of PI. Approximately 200 000 events from each 
sample were acquired on a FACS Calibur (BDB) and 
dead cells (PI positive cells) were exluded in the analysis. 

In vitro B cell activation and proliferation assay 
BALB/c splenocytes (2 x lO'Vml) in RPMI 1640 medium, 
10% FCS were stimulated for 24 or 48 h with 5 |.Lg/ml 
pVAXl vector or 5 |ag/ml NS3-pVAXl DNA or 5 Mg/ml 
NS3/4A-pVAXl DNA. Cells grown in medium only 
served as a negative control, and 1 |.ig/ml LPS (Sigma 
Chemicals, St. Louis, MO, USA) and 1.3Mg/ml of a 
phosphorothioate-modified oHgodeoxynucleotide (ODN; 
Cybergene AB, Sweden) termed CpG-1826^" served as 
positive controls. During the last 4 h of culture, bromo- 
deoxyuridine (BrdU; Sigma Chemicals) was added at a 
final concentration of 10 At the end of the culture, 
cells were centrifuged and washed two times in PBS/1% 
FCS. After the final wash, cells were preincubated with 
2.4G2 mAb (1 |.ig/10^^ cells in PBS/1% FCS) for 20 min at 
+4°C. Cells were then washed as described above. 
Thereafter, cells were stained with PE-conjugated anti- 
CD69 antibody and Cy-Chrome™-conjugated anti- 
CD45R/B220 antibody for 30 min at +4"C. Cells were 
then washed as described above. Thereafter, cells were 
fixed and permeabilized by adding 100|.il Cytofix/ 
Cytoperm™ solution (included in Cytofix /Cytoperm 
Plus kit; BDB Pharmingen) per well and incubated for 
20 min at +4°C. Cells were thereafter washed in Perm/ 
Wash^" solution (included in Cytofix/Cytoperm Plus 
kit). Cells were stained with 1:10 of FITC-conjugated 
anti-BrdU antibody diluted in Perm /Wash™ solution 
supplemented with 2.5 |,il/ml of a 2000 U/ml (50 mg/ml 
PBS) DNase I purchased from Boeh ringer Mannheim 
(Mannheim, Germany). Cells were incubated for 1 h in 
the dark at room temperature and then washed twice in 
Perm/Wash^" solution and resuspended in PBS/1% FCS. 
Samples were analyzed on a FACS Calibur™ (BDB), and 


the percentage of B cells (CD45R/B220 gate) positive for 
CD69 and BrdU were calculated using the CellQuest™ 
(BDB) program. 

Statistical analysis 

Fisher's exact test was used for frequency analysis and 
Mann-Whitney U-test was used for comparing values 
from two groups. Kinetic tumor development in two 
groups of mice were compared using the area under the 
curve (AUG). AUG values were compared using analysis 
of variance (ANOVA). The calculations were performed 
using the Macintosh version of the StatView software 
(version 5.0). 
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